1994). Based on these results, we named these cells These ES-like cells were phenotypically similar to ES/ germline stem (GS) cells to distinguish them from ES or EG cells. Thus, GS cells represent a third method of EG cells except in their genomic imprinting pattern.
expanding germline cells, but they are clearly distinct They differentiated into various types of somatic cells from ES/EG cells in their differentiation capacity. in vitro under conditions used to induce the differentiaIn this manuscript, we describe the derivation of plurition of ES cells and produced teratomas after inoculapotent stem cells from the neonatal mouse testis. Neotion into mice. Furthermore, these ES-like cells formed natal testis cells were cultured in conditions similar to germline chimeras when injected into blastocysts.
those used for GS cell culture. In addition to the GS Thus, the capacity to form multipotent cells persists cell colonies, colonies indistinguishable from ES cell in neonatal testis. The ability to derive multipotential colonies appeared. This second cell type could be exstem cells from the neonatal testis has important impanded selectively under culture conditions used for ES cells. Although they produced teratomas when transplanted subcutaneously or into the seminiferous tubules Results absence of GDNF, an essential growth factor for the selfrenewing division of spermatogonial stem cells (Meng et al., 2000) . Cytogenetic analysis by quinacrine plus
Development of ES-Like Colonies from Neonatal Testis Cells in the Presence of Growth Factors
Hoechst 33258 staining showed that the ES-like cells had a normal karyotype (40, XY) in 70%Ϫ85% of metaWhen neonatal ddY mouse testis cells were cultured in a primary medium containing GDNF, bFGF, EGF, and phase spreads ( Figure 1B ). The morphology of the ESlike cells did not change as long as the cells were main-LIF, the majority of the colonies that formed had the typical appearance of GS cells, which are characterized tained in ES cell culture conditions, and they could be propagated in vitro for more than 5 months with 48 by intercellular bridges and a morula-like structure (Figure 1A Since the ES-like cells originated from testis, their mermann, 1994). One month after transplantation, all recipient animals (ten of ten) developed teratomas in ability to differentiate into germline cells was examined the testis. The seminiferous tubules were disorganized, Since donor cells were also found in the testis of a chimeric animal at 6 weeks of age ( Figure 5J ), we and no sign of spermatogenesis was found in histological sections. The cell composition found in the teratoperformed microinsemination to obtain offspring. Round spermatids were collected and microinjected into mas was similar to that of tumors that developed after subcutaneous injection (data not shown). In contrast, C57BL/6 ϫ DBA/2 (BDF1) oocytes. Of 81 cultured embryos, 64 (79%) developed into 2-cells and were transboth wild-type and p53 KO GS cells produced normal spermatogenesis when transplanted into the seminiferferred into five psudopregnant females. Eighteen (22%) embryos were implanted, and one of the two offspring ous tubules (Figures 4O-4Q) . from a recipient mouse showed EGFP fluorescence, indicating the donor origin ( Figure 5K ). Interestingly, while
Contribution of ES-Like Cells to Normal
control ES cells showed wide contribution to embryos, Embryonic Development no donor cell contribution was observed in experiments after Blastocyst Injection using GS cells (Table 2) ferred to pseudopregnant ICR females. When some of Some of the recipient animals were analyzed at 12.5 the recipient animals were sacrificed at 10.5 dpc, we dpc to look for chimerism, and others were allowed to found one normal-looking fetus and several resorptions develop to term. Chimerism was observed in 25% (three with normal placentas. The fetus showed some growth of 12) of the 12.5 dpc embryos ( Figure 5A ) and in 36% retardation but clearly expressed the EGFP gene (13 of 36) of the newborn animals ( Figure 5B ), as judged throughout its body, including the yolk sac ( Figure 5L ), by the expression of EGFP observable under UV illumiindicating that it was derived from donor ES-like cells. nation. Chimerism was also confirmed by the coat color However, none of the pseudopregnant mothers sired at mature stage ( Figure 5C ). We found six dead fetuses live offspring from both ES-like and ES cells. that showed EGFP expression, and some embryos were partially or completely absorbed. The pattern of contribution was similar at both stages analyzed; EGFP-posiDiscussion tive donor cells were found in the central nervous system, liver, heart, lung, somites, intestine, and other
The results of our experiments revealed the presence of multipotential stem cells in the neonatal testis. Although tissues, including the yolk sac and chorionic membrane of the placenta (Figures 5D-5I the chimeric animal. This agrees with the previous reports that both ES and EG cells can produce germline
